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AMENDMENT No ■ 1 TO SPECIFICATION 

METHOD OP TRANSPORTING A CHIMERIC HYBRID MOLECULE ACR03S THE BLOOD 
BRAIN BARRIER 

5 

Cross-Reference to Related Applications 

This is a division of U.S. Patent No. 6 , 881 , 829 application Serial 
No, 10/13 fl, 187 , filed 04/26/02, as to which Applicant elected a 
10 restriction of the invention as required by an Office Action 
mailed on 09/23/03. 

Statement Regarding Federally sponsored Research or Development 

15 Not applicable. 

Reference to Sequence Listing, a Table , or a Computer Program 
Listing Compact Disk Appendix 

20 A written Sequence Listing and a computer readable form o£ the 
sequence listing, consisting of one file named 

ChimericHybridAnalgesics-ST25.txt on one disk, are attached as 
Appendices . 
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Background of the invention 

Field of the Invention . The present invention lies firmly within 
5 the fields of drug, bio-effective and body treating compositions, 
more specifically a method for transporting chimeric hybrid 
molecules across the blood brain barrier (BBB) . The present 
invention will be especially useful for transporting analgesic 
molecules possessing complex chemical structures consisting of one 
10 or more functional domains across the BBB to achieve acute and 

chronic pain relief or pharmaceutical amelioration of pain-related 
pathophysiological conditions. 

Description of the Prior Art - The present invention relates to 
15 transporting novel hybrid alkaloid/peptide chimeric molecules 
across the BBB through the use of an alkaloid moiety. 

Transporting analgesic compounds across the BBB is useful for 
achieving efficacious analgesia. Th.e relief of suffering due to 
20 pain is an important objective of clinical practice and for 

restoring quality to life and the ability to function normally to 
pain sufferers. 
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pain represents an integrated, complex, perception of noxious 
stimuli originating from somatic elements such as anns and legs 
and/or from visceral organs such as heart and liver. 
Mechanistically, acute pain signaling involves noxious stimulation 
5 of free nerve endings innervating somatic elements and/or visceral 
organs leading to the activation of different types of slowly 
conducting afferent fibers of the A delta and C classes, 
terminating in the dorsal sensory spinal cord. A significantly 
more complex etiology underlies the initiation and persistence of 
10 chronic pain syndromes. This involves initial damage to 
peripheral nerves innervating somatic and visceral fields, 
persistent immunological challenge by cytokines and inflammatory 
mediators, reorganization of spinal cord and brainstem relay 
systems, and higher cortical adaptation. 

15 

From an established pharmacological perspective, opioids remain 
the key agents of choice for treatment of a wide variety of acute 
and chronic pain states. The prototype opioid analgesic or 
painkiller is morphine. Morphine and morphine- related opioids 
20 produce their painkilling effects by profound pharmacological 
inhibition of neurons of the peripheral /sensory nervous system 
(PNS) and the central nervous system (CNS) . The biochemical and 
cellular effects of morphine, including potent analgesia, are 
transduced through a membrane-associated G-protein designated the 
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mu <u> opioid receptor (MOR) , found in high concentrations within 
the PNS and CNS. In a prior invention (U.S. Patent 5.891,842), I 
established a therapeutic procedure or treatment regimen for 
inducing or eliciting a markedly enhanced opioid-dependent 
5 analgesic response within a living subject. That treatment 
methodology employs the concurrent administration of two 
recognized, self-contradicting and physiologically antagonistic 
compounds, the opioid analgesic morphine sulfate and the 
•tachykinin peptide substance P (SP) , at individual concentrations 
10 that had been empirically shown to have either marginal or 
completely ineffectual pharmacological properties in vivo. 
Because noxiously challenged or damaged sensory nerves release a 
variety of excitatory chemical mediators, including SP, the 
tachykinin SP had been previously designated as a nociceptive or 
15 pain-producing peptide transmitter at the spinal level. 

Nevertheless, my research demonstrates that at prescribed low 
nanogram concentrations SP appears to be a potent regulator of 
opioid analgesia in vivo. 

20 Despite this apparent contradiction and the previously 

demonstrated physiological antagonism between these compounds in 
their traditional formats and conventionally used concentrations, 
my novel treatment process demonstrated a synergistic relationship 
over a period of time, and that an effective and efficacious 
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opioid-indnced analgesia results within the living subject from 
the process . 

Unfortunately- because my prior invention requires the concurrent 
5 administration of two different self -contradicting and 

physiologically antagonistic compounds, SP and morphine, it 
presents difficulties in successfully establishing and testing the 
appropriate concurrent dosages for efficacious and safe 
administration in humans, as reflected by FDA and NIH clinical 
10 testing guidelines. This includes differences in the ability of 
morphine and of SP to cross the BBB. 

While morphine is the prototype opioid analgesic or painkiller, 
its complex alkaloid characteristics differ greatly from those of 

15 peptides, and SP is a peptide. In subsequent research, therefore, 
collaborators and I combined the active pharmacological domains of 
SP and the peptide endomorphin-2 into one chemical entity: a novel 
seven amino acid peptide chimera, designated ESP7 . Repeated 
administration of the chimeric molecule into the rat spinal cord 

20 milieu produced analgesia mediated by the MOR without a loss of 

potency over a 5-day time course. Essentially, ESP7 represented a 
non-tolerance forming compound with future potential as a 
specialized spinal analgesic for control of acute and/or chronic 
pain. (Foran, et al . , A Substance P-opioid chimeric peptide as a 
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unique non-tolerance- forming analgesic, 97 Proceedings of the 
National Academy of Sciences 13 (2000)) 

Although ESP7 provided the advantage of a single analgesic 
5 molecule, it has several unfortunate disadvantages. 

Operationally, the peptide chemical nature of ESP7 restricts its 
effective dosage and time-effect relationship within the CNS due 
to significant metabolism in the blood stream. This is supported 
by collected pharmacological data indicating significant 
10 difficulties encountered by peptide drug candidates for crossing 
the mammalian BBB (Egleton SD, Abbruscato TJ, Thomas SA, Davis TP 
Transport of opioid peptides into the central nervous system. J 
Pharm Sci 1998; 87 (11) : 1433-9) . 

15 Morphine is a relatively complex organic molecule, termed an 

alkaloid due to its positively charged nitrogen group, unlike the 
endogenous peptide endomorphin-2 which provided the analgesic 
moiety in ESP7. Morphine is a highly efficacious MOR-selective 
opioid analgesic and will cross the human BBB, as will its active 

20 metabolite morphine 6-glucuronide. ( Stain-Texier F, Boschi G, 
Sandoux P, Scherrmann JM, Elevated concentration of morphine 6- 
beta-D-glucuronide in brain extracellular fluid despite low blood- 
brain barrier permeability. Br J Pharmacol 1999; 128 (4) : 917-24) 
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SP Gubotanoc P, however, is a peptide. Chimeric hybrid molecules 
possessing an alkaloid moiety and a peptide moiety are unknown to 
the literature of analgesia and to clinical practice. Chimeric 
hybrid molecules possessing an alkaloid moiety to activate the 
5 human MOR and a peptide moiety to concurrently activate the human 
SP receptor (SPR) are unknovm to the literature of analgesia and 
to clinical practice. Chimeric hybrid molecules comprised of one 
moiety with a chemically modified morphine molecule to activate 
the human MOR and another moiety with a SP fragment to activate 
10 the human SPR are unknown to the literature of analgesia and to 
clinical practice. The method of inhibiting the development of 
opioid tolerance using such chimeric hybrid molecules is unknown 
to the literature of analgesia and to clinical practice. 



15 Another major challenge is to design a molecule that will cross 
the BBB and produce analgesia in a living subject, while 
inhibiting tolerance development and dependence formation. 
Peptides do not: readily cross the BBB. To achieve the analgesic 
effects I envisioned, a chimeric compound that activates both an 

20 MOR and SPR must cross the BBB. Such a molecule should be 

structured in such a way as to activate simultaneously the MOR and 
SPR domains in the FttfS and/ or CNS. With respect to both morphine 
and SP, a variety of alkaloid morphine and SP peptide fragments 
can be synthesized, having potentially different pharmacological 
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effects if bound to another moiety. No obvious method is known 
for the SP moiety to be cross-linked to a morpbine alkaloid moiety 
in a fashion that the resulting molecule will allow simultaneous 
activation of both the MOR and SPR receptors. Chimeric hybrid 
5 molecules with a moiety comprised of a chemically modified 

morphine molecule to provide the method to transport active SP 
fragments across the mammalian blood brain barrier are unknown to 
the literature of analgesia and to clinical practice. 

10 The novelty of the present inve n tion is not predictable according 
to the teachings of Swanen and coworker s Swanen, S., xie, R. , 
Sahin, S. & Hammarlund-udenaes , m. (2006) Pharmacokinetic 
consequences of active drug efflux at the blood-brain barrier. 
Pharm. Res. 23, 705-717) who studied influx and efflux processes 
15 of morphine and monahine-glucuronides i n relation to their BBB 
permeability properties and brain concent rations . Syvanen and 
coworkers teach that efficacious BBB permeation is determined by a 
combination of influx hindrance (a gatekeeper function in the 
luminal membrane that is functional ly linked to P-glycoprotein 
20 activation) and efflux enhancement by transporters that pick up 
molecules on one side of the luminal or abluminal membran e and 
release them on the other side. T he facilitative method of BBB 
transport Of morphine and morphine congeners by covalently bonded 
heterol ogous SPR activating domains as f ound in the structure of 
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chimeric hybrid conjugate molecules is not predictable by the 
general principle of BBB permeation by morphine and morphine 
congeners codified by Swanen an d coworkers . — Conversely, the 
facilitative method of BBB transpor t of SP fragments or non- 
5 peptide SPR activating domains by covalently bonde d heterologous 
mnmhipa. morphine congeners, and opioid p e p tide M OR activati n g 
domains as found in the structure of chimeric hybrid con jugate 
molecules is not predictable by the tea chings of Syvanen and 
coworkers. 



10 



15 



Presently there also are no analgesic opioid chimeras that have 
crossed the BBB to achieve effective analgesia for mammalian acute 
or chronic pain without significant tolerance development and 
dependence formation. 



objects and Advantages . I have invented novel and useful methods 
employing heretofore unknown morphine-SP hybrid chimeras, as I 
have described below. Several objects and advantages of my 
present invention are: 
20 a. a method for transporting, across the BBB, a molecule 

that can be dosed to produce effective analgesia in a 
living subject, i.e., a mammal (an animal class which 
includes humans), while inhibiting tolerance 
development ; 
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b. a method for transporting, across the BBB, a molecule 
that can be dosed to produce effective analgesia in a 
living subject while inhibiting dependence formation; 

c. a method for transporting, across the BBB, a molecule 
5 that can be dosed to produce effective opioid 

analgesia and that can be administered through a 
variety of methods of clinical administration, 
including oral, systemic and intrathecal epidural 
administration; 

L0 a. a method for transporting, across the BBB, a molecule 

that can be dosed to produce effective opioid 
analgesia without significant restriction on its 
effective dosage and time-effect relationship within 
the CNS due to metabolism in the blood stream; 

15 e . a method for transporting, across the BBB, a molecule 

that can be dosed to yield effective opioid analgesia 
with a reduction in the likelihood of undesirable side 
effects; 

f . a method for transporting, across the BBB, a molecule 

2 0 that can be dosed to produce effective opioid 

analgesia with a reduction in the likely severity of 
undesirable side effects that become manifested by the 
patient ; 
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g . a method for transporting, across the BBB, an opioid 
analgesic that can be dosed for administration to 
children without undue tolerance development; 

h. a method for transporting, across the BBB, an opioid 
analgesic that can be dosed for administration to 
children without undue dependence formation; and 

i. a method for transporting, across the BBB, an opioid 
analgesic suitable for PCA in the treatment of chronic 
and/ or acute pain. 

Additional objects and advantages of my present invention 



are: 



a. to provide a method for transporting a chimeric 
molecule across the BBB so as to treat pain with 
opioid analgesia and little or no opioid tolerance 

1 5 development ; 

b. to provide a method for transporting a chimeric 
molecule across the BBB so as to treat pain with 
opioid analgesia and little or no opioid dependence 
formation; 

20 c . to provide a method for transporting a chimeric 

molecule across the BBB so as to treat pain with 
opioid analgesia with reduced likelihood of 
undesirable side effects ; 
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d. to provide a method of transporting a chimeric 
molecule across the BBB so as to provide opioid 
analgesia for PCA for acute and/ or chronic pain; and 

e. to provide a method of transporting a chimeric 

5 molecule across the BBB so as to treat drug abuse by 

administering as a substitute for the abused drug an 
analgesic that elicits little or no tolerance 
development or dependency formation and thereafter 
adjusting the dosage as tolerance and/or dependence is 
10 modulated. 

Still further objects and advantages will become apparent from a 
consideration of the following description of my invention. 



Brief Summary of the Invention 

15 

The present invention provides a method of transporting novo * 
tdtiia uLL- ic hybrid molecules aoroao the BOB by using an o pioid moiety 
of chemically modified morphine. — A useful feature of this method 
iu that it c-i n be i n"* fee fegaaspegfe aegees the bbd a chimeric 
20 hybrid molecule in whioh an opioid moiety binds to and activate s 
an MQR and a Sr peptide fragment moiety binda to and activates on 

i-> 1.1 <b > 
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The basis of the present Invention i s the construction of a 
general class of chimeric hybrid conj ugate molecules capable of 
simultaneous activation of MOR and SPR receptors wit hin the CNS 
that Is intrinsically a function of t his class of molecules to 
5 permeate the mammalian BBB as an intact chemical entity. 

Accordingly, the chemical and pharm a cological integrity of each of 
the receptor activating domains functionally e nables BBB transport 
of its covalentlv bonded reciprocal receptor activating domain. 
As such, the requirement for an intact chimeric hybrid conjugate 
10 molecule as the only viable transport vehicl e f o r equivalent BBB 
transport of each of its MOR and SPR receptor activation domains 
distinguishes the present invention a s novel and unknown to the 
literature of CNS analgesic and anti- abuse drugs. 

15 3 hc prcDcn b Invention provided a method for transporting a 

e himoric hy b rid mo] e r mlu acrooo the T ? P* ■ — The method utilised - a 
f a mily of chime- 1 " kyfe '* ae*ee^es in which tohe alkaloid merphino 
eg it j active metabolite morphino 6 glucuronidc age by deoi g n 
fiarjeioro of another moi il j (ouch aa active or poptidc fragmcntc - ) - 

20 aprons thn mammalian EDB ■ I have dcaignaa thio Heretofore unJcno^ 
method of tranoporting a chimeric hybrid molooali acro^ t he BBB 
by aging ci family oil hybrid, chimeric molcculuo with unique 
molecular hingoo . — Ehio novel family of chimeric hybrid compound 
pan provide opioid analgooia in living oubjaota while inhibiting 
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t o l era n c e fl nrr l rrTm"*- ™* flnpn^nnnn. formation. — Theoc chimeric 
h y brid co mi i rmn ^ r "P" hn nnnd for drug abuac treatment. — The 

hybrid alkaloid/poptidc analgcoica may be adminiotcrod 
ayntcmioally, intrathecal ly or more preferably, orally. - 

5 

in one cm ho rti mrn f . 1^*?™*™+ fnnnMonal domains aonnioting 

of chemically modified morphine and a-SP fragment aro covalcntly 
u Q j3 iin] : c d t -Tn- migh fefee £g«e egabea organic molooulc Quccinic 

ac i a. in another embodiment, the independent functional domains 

10 consisting of chemically modified morphine and a CP fragment aro 
covalcntly oroao linked through the four carbon organic molooulc 
g amma hydroary butyric acid. — in another embodiments/ the 
independent fu n cf i rrnnl l,nm ^ T1f1 f,mr i f,|1 ^ g of chemically modified 
lu u r-phino and a cr fragments arc covalontly erooo linked through the 
15 i jIjl carbon carbohydrate d - glucuronic acid. — The uoo of three such 
moloeulcDj ouccinic aoidj gamma hydroxy butyric acid, and d 
glucuronic acid, an molecular hinges to croaa linJe two active 
pharmacological deiim- ,T i r ' " f Hi npn-rntrn ohcmical nature, — i.e. , a 
ii mlti ring e d np i ni r l nll'-' 1 " 1 '^ <~r-™<~i-,Trc-. rmri a linear -peptide 
20 structure, io not intuitively obviouo or predictable from the 

p rior art. The uj? &4 s^e&i^e ^nid. gamma hvdrojcy buf/xio acid -r 
qnd d glucuronic aaid, — a s molecular hingeo to orooo-linfe-a 
pharmacologically active peptide to a pharmacologically active 
e gioid io novel and unltnown fee the literature o£ analgcoia and t» 
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clinical prrtrtiT— — The uoc of thio method of lifting an opio i d 
alkal o id rt n.irti.irn i n n ek^Rtegfcg kykaHbd tnnl ndulc do an fe e 
L iu naport the molecule across the DDD in unlcnom to the literatur e 
of analgcola and to clinical proctioor 

5 

■ The chimeric hybrid molcoulo may bo dcoigncd to have a plurality 
of CV moictioa conoioting of pharmacologically octivc cooh 
t er minal fr cirjrncntn n f SP ™ H n P 1 111inlit Y o£ opioid alkaloid 
xnoluLicp oonaioting of morphine chemically modified at ito 
10 G 1 hydroxy 1 group. The plurality of opioid igolctieo arc each 
gtesigned to bind to and activate an MOlt. The plurality of CP 
fragments arc each designed to bind to and a c tivate an DPR. 
Because the MOR and B9R activating domains are of chemically 
different compooitiono , i.e., a multi ringed alkaloid efcructure 
15 and a linear peptide otruoture, rcopootivoly, it is not 

intuitiv el y obi n mr rtn V «ay be nnmbincd in a functionally 

active molecule. Thia io achieved, however, try incorporating a 
novel molecular hinge region consisting of succinic acid, or 
gamma hydroxy butyric acid, or d glucuronic aci n - The existence of 
20 functionally active chimeric hybrid molecules, of internally 
differing chemical nature, combining MOR- and SPR- activating 
domains linked by a novel molecular hinge are unknown to the 
literature of analgesia and to clinical practice. 
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The invention provides a method for transporting the chimeric 
hybrid molecules across the BBB using pharmaceutical compositions 
including hybrid alkaloid chimeric molecules and a 
pharmaceutical^ acceptable carrier useful for the treatment of 
5 pain, it represents methods of treating pain using novel hybrid 
alkaloid/peptide chimeric molecules containing an opioid and SP 
moiety designed to achieve coincident activation of populations of 
MORS and SPRs as a novel pain treatment without tolerance and 
dependence. The hybrid alkaloid/peptide analgesics may be 
10 administered systemically or more preferably, orally. Solubility, 
absorption, and penetration through the human BBB will be markedly 
enhanced due to the hydrophilic and alkaloid chemical properties 
of morphine and morphine congeners. The invention therefore 
provides novel methods for treating pain using chemically modified 
15 morphine, a morphine congener, a related multi-ringed MOR- 
preferring non-peptide alkaloid to serve both as an opioid 
analgesic as well as a pharmaceutical ly acceptable carrier for SP 
peptide absorption and stability after systemic administration as 
well as penetration through the human BBB. in these novel 
20 attributes, the method of inhibiting opioid tolerance development 
using hybrid alkaloid chimeric molecules differs substantially 
from prior art including the use of peptide ESP7 . 
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The method of transporting novel chimeric hybrid molecules across 
the BBB by using chimeric hybrid molecules that encompass three 
chemically disparate functional domains, i.e., a ringed alkaloid 
MOR-activation domain, a peptide SPR- activation domain, and a 
5 flexible organic acid hinge domain, is unknown to the preclinical 
and clinical literature of pain and analgesia. 

A desired objective of the present invention is that it will 
transport a chimeric hybrid molecule across the BBB such that the 

10 hybrid alkaloid/peptide chimeric molecules can be administered to 
produce clinically efficacious opioid analgesia with little or no 
development of opioid tolerance. With little or no tolerance 
development, escalating dosages will not be required to achieve 
the same pain killing effect and opioid dependence formation and 

15 undesirable side effects associated with escalating opioid dosages 
will be avoided or markedly reduced. 

Detailed descriptions of one or more embodiments of the invention 
are described below. The novelty of the invention, as amply 
20 described above, will be apparent from the detailed description of 
structure and synthesis and from the claims. In the specification 
and the appended claims, the singular forms include plural 
referents unless the context clearly dictates otherwise. All 
technical and scientific terms used herein have the same meaning 
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as commonly understood by one of ordinary skill in the art to 
which this invention belongs, unless expressly stated otherwise, 
the techniques employed or contemplated herein are standard 
methodologies well known to one of ordinary skill in the art. The 
examples of embodiments are for illustration purposes only. All 
patents and publications cited in this specification are 
incorporated herein by reference. 

Brief Description of the l>rawings 

r iy. 1 illu a t r m — fewe aemaaas e€ t-he morahiric nucleus, one being 
^u un ju y gLion domain useable to □ynthcoiso the chimeric hybrid 
eeBg ttmftga and the o bher being the active domain that acti/atac th o 

Fig. 1 illustrates schematically how a chimeric h ybrid conjugate 
molecule is constructed of three linked co mponents that that 
combine any non-peptide opioid with any active fragment of SP. 

20 Fig. 2 illuotratoG schematically how a chimeric hyb r id molecule in 
oonotructcd of three , linked oompononto, i.e., a morphine nuolouo, 
a -liriltcr hinge and on CP fragm ent r 



15 
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Fig. 2 illustrates schematically ho w a chimeric hybrid con-jugate 
molecule is nnn.tenetea of three linked coznponents that combine 
any MQR-pref erring opioid peptid e with any non-peptide SPR 
activating domain. 



5 



Detailed Description of the Invention 

Description - rigs 1 and 2 . The present invention provides a 
10 method of transporting a chimeric hybrid molecule across the BBB 
so as to inhibit the development of opioid tolerance using hybrid 
alkaloid chimeric molecules having an MOR binding and activation 
moiety and an SPR binding and activation moiety. The hybrid 
alkaloid chimeric molecules are designed to cross the BBB. They 
15 can thus bind to and activate populations of MORS and SPRs located 
primarily within the human CNS, but also in the human PUS, 
involved in pain mediation and analgesic responses. 

Fia. 1 depicts chimeric hybrid co njugate molecules that combine 
20 anv noa-pepfcide opioid with any active fragment of SP , or any 
peptide, for transport across the BBB th at are constructed as 
capped, electrically neutral, lin ear sequences with the non- 
peptide opioid covalentlv bonded to the N-t erminal end of the SP 
fragment through a 4-6 carbon molecular l inker, or according to 
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thg cachings of gchiUer (Sc hiller, P .M. (200S) Opioid peptide- 
derived analgsgics, a.a.p.s. J. 7, E5 60-567) a more complex 
heterocyclic structure, *nd containing a neutral amide group at 
the C-termlnal end of the SP fragment.. 



5 



gig i depicts the cons truct of a linear chemical structure within 
^ class of c h imeric hybrid conjugate molecules capable 

of simultaneoug actiyatign of MOR ^ spr recpptors within the CMS 
10 that contains a represen tative member of the morphinan, 

benzomgrphan, or phen yl Uridine classes of non~peptide opioid 
alkaloid in covalent linkage t o a representative member of th e 

of 4-6 carbon or more complex heterocyclic molecular linke r 
in covalent linkage to a rep resentative member of the class of 
15 biologically active fragments of SP that inclu de SP 3-11, SP 4-ll, _ 
sp 5-11. SP 6-11. and SP 7-11. and t heir chemically modified 
congeners . 

Chimeric hybrid conjugate molecu les that combine any non-peptic 
20 opioid with any active fragment of SP, or any peptide, for 

transsort across the BBB are c onstructed as capped, electrically 
n^tral. linear sequences with the non- pep ti de opi oid covalent ly 
bonded to the N-terminal end of the SP fragment through a 4-6 
carbon molecular linker, or according to the teach ings of Schiller 
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g n>ore simplex hetero cyclic structure, and containing a neutral 
mnirte cxroun at the C-terminal end o f the SP fragment. , 

gg aresentativg candidate molecu l es chosen from the morphinan, 
5 b^zgmorphan, ^ phenvlpiperidine classe s of non-peptide opioid 
alKalgidB, 4-6 car b™ or more c omplex heterocyclic molecular 
^nk^ , and bioj^gically acti^ fragments of SP are listed in 
Tab] g i and one of ea rih mav be covalently incorporated into the 
linear gegiencgg of chimeric hybri d con jugate molecules according 
10 to guidelines gleaned fr o m the teachings of Portoghese and 

coworkers rBoloonesi r m.l. . Oiala, W.H. . Gleason, W.B. , Griffin, 
■t „ F.rouz-Qrant, F . . Larson. p .T.. . Takemori , A.K. & Portoghese, 
v. st. [1996) Opioid antagoni st activity of naltrexone-derived 
bivalent liaands: importance of a properly or iented molecular 
15 scaffold to guide "addres s " recognition at kappa opioid receptor s^ 
■t Mgd, Chem. 39. 3816-1822; Por tocrhese. P.S. (2001) From models 
ro mo i ecu le S , opioid receptor dimers, bivalent ligands, and 
.^l eet ive opioid receptor prob es. J. Med. Chen. 44:2259-69], 
cascieri and Liana [Casci eri, M.A & Liang, T. (1983? 
20 Qjaracter^ation of the S P R in rat brain cortex membranes and the 
inhibition of radioligand binding by guan ine nu cleotides. J Biol. 
Chem. 258. 5158-5164], and Mantyh an d coworkers rMantyh. P.w.,, 
gates, T. . Mantyh, c.R. & Maggi o. J.B. (1989) Autoradiographic 
local ization and characteri zation of tachykinin receptor binding 
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sites in ^5 rat bra in and ^ eri P heral t i33ues - >T - Neurosci. 9, 
?R8-279.261 in reference to t hose of Liedsrer and coworkers 
[Liedergr, B.M., Fuc hs. J - ■ Vander Vel de, P ., Siahaan, T.J. & 
Borghardt, R.T (2006 ) Effects of amino acid chirality and the 
5 chemical linker on the cell permeation characteristics of cyclic 
prodrugs of Pe ptides. J Med Chem. 49, 1261-1270] and 

Schiller. 

Tah1ft i: Representative molecul e s covalently incorporated into the linear 
10 sequences of ch-imsric hybri d coniucate molecules that ggnbing any non-pgptide 

m jMd w -ith anv active fragment Of SP to produce op ioid dependent analgesia for 

aT ,d Tronic oain indications w i thout tolerance development via transport 
across the BBB. 



15 



20 



25 



Peptide sequences are listed un d er the appropriate SEQ. ID NO, 

1. Ly3-Pro-Gln-Qln-Ptie-Phe-Glv-Leu-yLet-NH2 

2. Pro-GlTi-Gln-Phe-Phe-Gly-tieu -Met-NH2 

3. G In - G In - Phe- Pha - G X v- L eu -Me t -NH2 

4. Gin- Phe - Phe- Gly- Leu-Met-NH 2 

5. phe- Phe- Qly- Leu-Met -SJH2 

6. Lvs-Pro-Gln-Gln-Phg-Phe-Gly-^eu-dKorLeu-NH2 
7 p r o^Gln-Gln-Phe— Glv-Leu-d NorLeu-NH2 

8. Lvs-Pro-Gln-Gln-Phe-dTrvp-Gly-I J eu -diJorI J eu-NH2 

9. grQ-Gln-Gln-Phe-dT ^YV-^lv-Leu-dNorIieu-iqH2 



Eion-peptide opioid 



alkaloids 



Molecular linkers 



Active 


SEQ. 


fragments 


ID NO- 


of 

substance P 





- 22 - 

PAGE 33/61 * RCVD AT 5/1 5/2006 1 1 : 14:34 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-3f13 * DNIS:2738300 * CS1D:2123444294 * DURATION (mm-ss): 1 746 



May-15-06 II :15am Froni-Ford Marrin Esposito Wi traayer 6 Closer 



2123444294 



T-186 P. 034/061 F-451 



Morphine7 r 8-didehydro- 



4, 5-epoxy- 



17-methylmorphlnan-3 , 6- 



diol 



Dih.ydroniQrph.ine 7 , 8- 
d±hY(Zro-4.5-ez>oxy- 
1 7 -me thvlmorphinan 



-3^ 



diol 



Oxvmorphone4, 5- a-epoxy- 
14-hydroxy-l 7-methyl - 
morphinan-6-one 



Oxycodone 4,5-ct-epoxy- 
14 -hydroxy- 
3 -me thoxy-1 7 -me thyl^ 
morphinan- 6 -one 

Hydrocodone4 , 5a-Epoxy- 
3 -me thoxy- 17- 



me thy lmorphinan- 6 - one 



Pentazocine 2-hydroxy- 
5 , 9-dimethyl-2- (3- 
methylbu t en- 2 -y 1 ) -6, 7- 



ben z omorphanium 



Cyclazocine 2- 
cyclopropylmethyl-5, 9- 
dimethyl- 2 1 -hvdroxy- 
6 , 7-benzomorphan 



Suf entanilN- [ (4- 
(Methoxymethyl-l- (2- (2 
thienyl) ethyl) -4- 
piperidinyl) ]-N- 
phenylpropanamide 



Succinic acid ethane- 



1, 2-dicarboxylic acid 



Gamirta-hvdroxybutyxic 



acid 



Carf entanil4 ( (1- 
oxopropyl ) phenyl am±no_J_ 
1- 

(2-phenylethyl) -4- 
piperi dinecarboxyl ± c 
cacid, methyl ester 



d-glucuronic acid 



substance 
P 3-11 



KPQQFFGU*^ 
NH2 



1- glucuronic acid 



oxaloacetic acid 



alpha ketoglutaric acid 



2-Oxopentanedioic acid 



inositol cis-1, 2,3,5- 



trans-4, 6- 



cy c 1 ohexanehexo 1 



tetrahydroisoguinoline- 



3-carboxylic acid 



substance 
p 4-11 



FQQFFGLM- 



NH2 



substance 



P 5-11 



QQFFGUfl- 



NH2 



substance 



P 6-11 



QFFGLM-NH2 



substance 



P 7-11 



FFGLM-NH2 



D-nor-leu 



substance 



P 3-11 



KPQQFFGLd- 
nor-L-NH2 



D-nor-leu 
substance 



P 4-11 



PQQFFGLd- 
nor-L-NH2 



D- nor- leu. 



D-tryp 
substance 



P 3-11 



KPQQFdWGLd 



-nor-L-NH2 



D-nor-leu^ 



D-tryp 
substance 
P 4-11 
PQQFdWGLd- 



8. 
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nor-L-NH2 



Table 1 

2 *~ v irr* the construct of a linear chemical structure within 



the general class of chimeric hyb rid conjugate molecules capable 
5 0 f simultaneous activation of MOR and SPR receptors wi thin the CNS 
i-hat contains a representative mem ber of the class of MOR- 
Ereferrina opioid peptide In cova lent linkage to a representative 
member of the class of 4-6 carbon or mo re complex heterocyclic 
molecular linker in covalent l inkage to a representative member 
10 of the class of non-peptide SPR activating domai n. 

Chimeric hybrid conjugate molecul es that combine any MQR- 
nraferrincr opioid peptide, or for that matter any peptide, with 
any non-pepCide SPR activating doma i n for transport across the BBB 

15 are constructed as capped, electr i cally neutral, linear sequences 
with acetylation of the N- terminal of th e opioid peptide that is 
covalently bonded at the C-terminal end to the non-peptide SPR 
activating domain through a 4-6 carb on molecular linker, or 
according to the teachings of Schiller a more complex heterocyclic 

20 structure. 
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10 



Representative candidate molecules chosen from the class of MOR- 
preferring opioid pep t ides, 4-6 carbon or more complex 
heterocyclic molecular linkers, an d non-peptide SPR activating 
molecules are listed in Table 2 and one of each may be covalently 
incorporated into the linear seq uences of chimeric hybrid 
conjugate molecules according to guidelines gleaned from the 
teachings of portoghese and coworkers, C ascieri and Liang and 
Mantvh and coworkers in referenc e to those of Liederer and 
coworkers and Schiller. 



Table 2 : Representative mole c ules covalently incorporated into the linear 
sequences of chimeric hybrid conjugat e molecules that coribine any MQR - 
prgfgrrin g onloid peptide with an y non-peptide SPR activating domain for 
production of opioid-dependent a nalgesia for acute and chronic pain indications 
15 without tolerance development via trans p ort across the BBS. Peptide sequences 
are listed under the appropriate SEQ . ID WO- 

10 . Ac-Tyr- Sly-Glv- Phe-Met 

11 . Ac-Tyr-Gly-Gly-Phe-Met-Arg-Phe 
20 12 - Ac-Tyr-dAla-Gly- Phe-Met 

13 . Ac-Tvr-Gly-Gly-Phe-I.au 

14 . Ac-Tyr-Glv-Gly-Phe-Leu-A rer-Olv-Leu 

15. Ac-Tyr-dAla-Glv-Phe-Leu 

16 . ftc-Tyr-Glv-Gly-Phe-Iieu-Ara-Arg-Il e-Arq-Pro-LYB-Leu-Lys 
25 17 . Ac-Tyr-Pro-Phe-Phe 
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jflM opioid 



receptor^ 



preferring 



opioid 



peptides 



N-acetyl 



methionine 



enkephalin 



Ac-YGGFM 



N-acetyl 



methionine 



enkephalin- 



Ar^-Phe ac- 



YGGFMRF 



N-acetyl, j> 



methionine 



enkephalin 



Ac - YdAGL \ PM 



N- acetyl 



leucine 



enkephalin 



Ac-YGGFL 



N-acetyl 
leucine 



enkaphalin- 
Arg-Gly-Leu 
Ac-YGGFLRGL 



3ST-acetyl , D- 
ala2 , leucine 
enkephalin 
AC-YdAGFL 



N- acetyl 



dvnorphin A 
U.-13) 
Ac- 



N- acetyl 



SEQ ID NO* } 


molecular 1 
linkers 


fcton-peptide 
substance P 






receptor 






activating 






molecules 


10^ 


Succinic acid 


L-733, 061 




ethane-1, 2- 


(partial 




dicarboxylic 


aaonist) 




acid 


(5S, 6R)-6~ 






alkyl-5- 




Gamma- 


benzyloxy-2- 


11. 


hvdroxybutyri 


piperidinone 


c acid ! 


CP-99,994 




d-glucuronic 


(partial 




acid 


agonist) 


12^ 




(+>-(2S,3S)- 


1 - cjlucur oni c 


3- (2^ 




acid 


methoxybenzyl 






amino) -2- 




oxaloacetic 


pheny lp iper i d 


13 . 


acid 
alpha 


ine 

RP67580 




ketoplutaric 


^partial 




acid 2- 


agonist) 




Oxopentanedio 


[imino 1 


14._ 


ic acid 


(methoxy-2- 


inositol cis- 


phenyl) -2 
ethyl] -2 




1,2,3,5- 


diphenyl 7 , 7 




t rans- 4, 6- 


perhydr o i s o in 




cycl ohexanehe 


dolone-4 


15. 


xol 

tetrahydroiso 


(3aR, 7aR) 




cfainoline-3 - 




16- 


carboxylic 
acid 




17 . 
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endomorphin 2 
AC-TPFF 



Table 2 



While the alkaloi.a morphine and the peptide Sr frequently exhi bi t 
flight aro3 3 r c c i n-i vi f , y ^ npinid and tachykinin receiptor 

5 types, rcopcctivcly, thoy arc generally characterised, do 

u JL liaujt i T cl i- r ^rr nllr^ in fcfee Ufe^fe^ bv a ve*y high degree of 
affinity for thr M93 *™ , rnnppntivGlv. — ThQ preservation 

independent binding and activation moioticp in one hybrid 
alkaloid/poptido molcGulc containing a multi ringed alkaloid 

10 structure and a linear peptide structuro, is not described in the 
pr ior art an d dljriTiT" r>1 ™ ff * Hin P rnnPTli: invnntion as novel and not 
evolving from prior invention. 



The existence of funotionally active chimoariLc hybrid moloouloo, of 
15 internally dlff^ri^g- rt ^ n ^ n ' >1 ^^^^ — combining MOR — a* id SPR — 

activating domaino linked try a novol molecular hinge are unknot 
to the literature of analgesia and to clinical practice- — Because 
tho MOR — and Gru activating domains are of chemically different 
c ompos it io n s , i.e.. a flftrirfej ^ 11n1n ^ ntmoturQ and a linear 

20 peptide structure, respectively, it is not Intuitively obvious 

that they may be combined in a functionally active molecule usin g 
the alkaloid moiety to tronoport the molecule acrooc the BBB. 
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I have achieved this by dooi rj xi and inooi po ration of a ae^ 
U i cm i u al li x il rc r fe ia ge region o om itt ing o f n manic aoifl, nr 
gu m ma ludrojcy bvty r. io acid, or J y luouror . ii a u la, Lo n mw ri- 
wi u liXii a ^inglo mo l ^ ulc an alkal o id MOR j nM va L i ui i c lo mnin n n rt r> 
5 peptide CPR activati o n domain thaL arc moairiad to toe compatible 
HlL l i L h aL Hinge The design of se^ Hybrid ulkal u id rhi ^ nri- e 
m u l uu ul u ci i crimp n ^n tog throe chemically dio p auatc funati o ™* - 
c l u m a iiiu, i.L., n r i nged a] V mo i d iron act i^ n U ui i domain, apcpt.i rln 

c r n a L.LiL-nti.on r lf I — * B ^^ihln oraanio acid hinge domain, . 

10 ±b- unknot to the preclinical and clinical lito -LuL a x L, of pain Tm rl 
a auly cj la. The uoe of ouch hy b rid alknl o id chimeric moleculca 
•i nhibit th e dr v rl ni^mt- i Bg4ea»d i-m nranac Id unlmom to the 
^■ cc linlcal literature and clinical literature of pain and 
■ analgesia i 



15 



g fec chimeric multi ringed alkaloid structure of iu ui.u hinQ linked t o 
fehc linear peptide □ tin ct ure of GP is illuotratcd in Fig. 1 aaet 

r j. g- 2. Fig. 1 illustrates that a morphine nucleus can b? 

eonoidcrcd uu qividod into two domains, one of which in a 
20 c onjugation domain 3 uccablc to aynthcoine the chimeric hybrid 

o o mpoun da f ro m rh" c • ™ T gee4teat«a nn tlie morphine nucleus and fahe 
o t her of Tuhl ch nn aefe*»e rintrnMn l fefeafe activated the MGftr — F±«hr 
2 illustrates schematically how a chimeric hybrid molecule ic 
cons t ructed o f thrrr iv 1 -"^ n Hiring- nnrnnnncnta . the alkaloid 
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m uiy blu L. u u a lcu - 1. - ^rmioal lln1 u. r hingo t, -* a RP 
I i agmcnt B . Thu iSinni cm IiLU ll i * W H ir -.llnl M* 

m u j -p hina m ml uuj 3 ji itr g ■ on p ul. 1 M nil H» u li uul. '1 ^^ n r 
bin g e 1 alno 1^ L u thn i^LIJl CP fr^gm r^ iL b. 1% L 11,.Hr r H i Tu rn 
allowc the IT terminal oy x u id i-ccopl u r binding wui il j or nut - W n 
domain of tin um^T in r nu i l m,. fr-i gm u iL u £ tho h^ i id oh ircn ri r 
iu ul uu ulG be obi i- uo aotWLl an M O P mJ bhc C term in al CP r nnnp t mr 

a yu nlot bim l iu y iuo 1 efe y n C fefte TP f rn gni ui u to be ^lu L u act^ nto 

cm GPRi 



10 



■i-l u. m OJ i u d Li.mUi .r rMi u ux iL H ynriH u l u I ul- uIcc: f h^ t i u uj he doo l cmnri 

l m.u a L ilnrnir i i T S? I m nrm Hr hina of pha r mcologJ c nll y 

aefe j ve COOn terming! fragmentc of sr and a plaialiL j n f n r in1rl 
allel u ia rooic tinn consisting of morphine ohcaican . y modified ate 
15 ito C'hydro^l group. The plurality of opi o id moicti efl nr r- 
. Juui yuLL L Lu ti Tifl rn n n^ aefei saa wnn. The plurality of SP 

fei uii icnta arc oaclx dcoignod t o bind to and activate an SVn. 

I i i fcr t o tho fnH""" 1 -3 ^ T "- i ™ noaucneeo using tho Cog. 

20 3d. moo. below ; 

BBfri IP* MOi PEQUEMG B 



_i Lyo fro Gin Cln rho Pho Oly Lou Mot 

_3 Cln Gin flic. The Cly Leu Mot 
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- rhc rhc Gly Leu Met 



nlnc pr c £crrca ^r^n.n nf nhitnrxip hybrid analgGfliCD which t Ti * 
m e th o d of th? ggeggate -tn.TnTit.nnii can employ arc listed in table 1- 
Tahlc I s- 



# 



1* 

agonio te 



Morphine 



Hing e 



Mo J-p hine 



Morphine 



Glucuronic 



Acid 



Glucuronic 



Acid 



Glucuronic 



-7%. ~m ^ 



Cuccinic 



ttor agonieff 



ACCtylcuhDta ri Gor[3 - 
11] s AC KrQQFFCQUg 

rtrXC 



Gubntanoo T [5 11] 



QQFFCLM NH2 



GiibGtancc D[7 11] g 



FFCLM NH2 



6 BQ . I Br 
MO. 1 = 



SEQ i ID. 
NO. 2 



Acetyl oufra tanccP [ 3 ■ 



11] 8 Ac KPQQFFCLM 



NO. 3 



NO * 1 



Morphine 



aC 3.~€i 



Gubotancc r [5 11 -j- 
QQFFGLM MH2 



GEQ u ID . 



9- 



Morphino 



Succinic 
acid 



Morphine 



Gamma OH 

Butyric 

Acid 



Morphine 



Gamma OU 

Gutyri - o 

Acid 



Gamma -OH 
B utyrio 

A <~. i r \ 



Substance P[7 lliH - 
FFOLM NH2- 



SEQ. ID, 
NO. 3 



AoctyleuboconccP [ 3 
11] s Ac KFQQFFCLM 

XTTTO 

CVXXS 



GEQ ■ ID. 
NO, 1 



CubPtance P [5 11] 
QQFFCLM NH2 



GuhGtanac r[7 11] 
FFGM NH2 - 



GEQ. ID, 
NO, 2 



GCQ, ID. 
NO. 3 



Advantages of The Present Invention . 
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The advantages of morphine as an analgesic that can cross the BBB 
are well known to the literature. The advantages of simultaneous 
activation of an MOR and SPR to modulate the activation of the MOR 
and to reduce or eliminate tolerance development and dependence 
5 formation are also known from the literature, such as a prior 
invention of mine (U.S. Patent 5,891,842) and the work of 
colleagues of mine and I identified above relating to ESP7 . 

From the description above, a number of advantages of my method of 
10 inhibiting opioid tolerance development using chimeric hybrid 
analgesic molecules becomes evident: 

a. the method will transport a chimeric hybrid molecule 
across the BBB so as to inhibit tolerance development 
while being dosed to provide morphine opioid 

15 analgesia; 

b. the method will transport a chimeric hybrid molecule 
across the BBB so as to inhibit dependence formation 
while being dosed to provide morphine opioid 
analgesia; 

20 c the method can be used by means of administration of 

the molecules through a variety of methods of clinical 
administration, in addition to [ [intrathecal] ] epidural 
administration; 
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d. the method will not have the significant dosage and 
time-effect restrictions of peptides due to metabolism 
in the blood stream; 

e. because of the modulation of an MOR by SPR activation, 
5 an escalating dosage typical of morphine is not 

required; 

f. because the escalating dosage typical of morphine is 
not required, the likelihood, and severity of 
undesirable effects associated with escalating 

10 morphine dosage will be reduced; and 

f . the method can be used to administer a chimeric hybrid 

analgesic molecule as a substitute for an abused 
opioid drug and, because the molecule elicits little 
or no tolerance development or dependency formation, 
15 its dosage can thereafter be adjusted as tolerance 

and/or dependence is modulated. 
Further advantages will become apparent to those skilled in the 
art. 

Makias My invention, in light of the work of Swanen and coworkers 
20 cited above, the teachings of L i ederer and coworkers provide us 

with guidelines by which to construct a general class of chimeric 
hybrid conjugate molecules that combine any non-peptide opioid 
with any active fragment of SP. or any peptide, for transport 
acr oss the BBB . Liederer and coworkers teach that low BBS 
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Bggngation is function ally linked to strong substrate activity for 
P-crl ycoorotein and efflux trans p orters in this biological barrier 
that is markedly enhanced for a variety of tested opioid peptide 
analogs sharing a common covalent cyclic al structure. In contrast^ 
5 caireed, electrically neutral, linear derivatives of a variety of 
o pioid peptide analogs with acetylati on of the N-terminal and 
gmidation of the C- terminal ends displa y efficacious permeation of 

bbb via low substrate activity for P-glycoprotein and efflux 
transporters in this biologica l barrier. 



10 



Application of guidelines derived from the teachings of Liederer 
and coworkers in reference to the teachings of Syvanen and 
coworkers will enable any person sk illed in the art to which it 
pertains to make and use the inven t ion commensurate in scope wit h 
15 claims 1-4, i.e., a general class of chime ric hybrid conjugate 
molecules capable of simultaneo us activation of MOR and SPR 
receptors within the CNS. Chimeri c hybrid conjugate molecules 
that combine anv non-peptide opioid with any active fragment of 
SP f or any peptide, for transport across the bbb are constructed 
20 as capped, electrically neutra l, linear sequences with the non- 
oeptide opioid covalent lv bonde d to the N-terminal end of the SP 
fragment through a 4-6 carbon molecular linker and containing, a 
neutral amide group at the C-terminal end o f the SP fragment^ 
Chimer ic hybrid conjugate molecules that combine any o pioid 
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^ rift f or for that. Mttwr any peptide, with a ny non-peptide SPR 

activating domain for transport across the BRB are constructed as 
capped, electrically neutral, linear sequences with acetylation o f 
the N-torminal of the opioid p eptide that is covalently bonded at 

5 the C- terminal end to the non-pe otide SPR activating domain 

through a 4-6 carbon molecular linker . Finally, the teachings of 
Schiller in reference to those of Swanen and coworkers and 
T,iederer and coworkers demonstrat e a permissive chemical 
heterocyclic substitution in the i nternal domains of capped linear 
10 opioid peptide sequences that allow for efficacious B BB 

permeation, thereby providi n g validation for our specification 
indicating d-glucuronic acid, as a representative examp le of a 
closed-ring carbon structure, as an appropriate 6 carbon linker 
connecting linear MOR and SPR receptor act ivating domains within 

15 chimeric hybrid conjugat e molecules. 

The facilitative method of BBB transport o f morphine and morphine 
congeners by covalently bonded hetero logous SPR activating domains 
or conversely, of BBB transport of SP fra gments or non-peptide SPR 
20 activating domains bv covalently bonded heterologous morphine^ 
morphine congeners, and opioid peptide MOR activating domains, 
requires maintenance of opioid and SP activities in chemically- 
modified structures of chimeric hybri d conjugate molecules. — The 
teachings o f Portoghese and coworkers in reference to those of 
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Lled^gr and coworker*. Schiller provide spec ific indications 
gor gaintaigdng opioi d activity follow ing ch emical modification of 
the imnti-rinoed no n-peptide structures characteristic of 
nvgrphinans, benzomor phans . and phenylpiperi dines , as described for 
5 opioid peptide analogs. The construction of hybrid chimeric 

^tnn^a containing non-peptide opioids or chemically modified 
npinifl pe ptide sesug nces are consistent with guidelines provided 
w Portoahese and coworkers, established a uthori ties in the 
synthesis and structure- func tion relationships of non-peptide 
10 »nloids . in reference to t he teaching of lAederer and coworkers 
and Schiller and will enabl e any person skilled in the art to 
M Hch it pertains to make and u se the invention commensurate in 
scope with Claims 1-4, i.e., a general class of chimeric hybrid 
mniuaate molecules capable o f simultaneous activation of MOR an d 
15 sP R receptors within the CNS_^ 

Tn brief, the teachings of Portoghes e and coworkers provide the 
following guidelines for pres erving high affinity MOR activity for 
all non-peptide opioid domains found in the general class of 
20 chimeric hybrid conjugate molecu l es capable of simultaneous 
activation of MOR and SPR receptor s within the CNS. — Their 
teachings Indicate that the A ring OH group at position 3 must be 
conserved during synthesis and/or conjugation to active SP 
f ragments t h ough a linker molecule. Consistent with the major 
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body of published opio i d research, conservation of the A ring OH 
group at position 3 is required for hi g h aff inity MOR activation. 
Thus, the A ring OH group at posi tion 3 may be protected during 
synthesis or conjugation via covalent linkage to wel l recognized 
blocking groups that include Ace tyl or T-butyl moieties. 
Following synthesis or construct i on of chimeric hybrid conjugates 
the Acetyl or T-butvl moieties are removed by gentle chemical 
treatment yielding non~peptid e chemical moieties with a free_A 
ring OH group at position 3 ■ 



10 



The teachings of Portoqhese and coworkers also indicate that the B 
ring OH group at position 6 of morphine or an equivalent position 
on the morphinan or benzomorphan mu lti-ringed structure Is an 
appropriate site for chemical modification due to its location at 
15 a point distal to the obligate A ring OH group at position 3 of 
morphine or an equivalent posi tion on the morphinan or 
benzomorphan multi-ringed structur e . Chemical modification and 
linkage of the non-peptide opioid domain of molecules of the 
general class of chimeric hybrid conjugat e molecules capable of 
20 simultaneous activation of MOR and SPR re ceptors within the CNS at 
a position spatially separated and distal t o the obligate A ring 
qh group will permit binding in a ste rically unhindered fashion to 
the MOR. The B ring OH group at position 6 of morphine or an 
P.miivale nt position on the morphinan or b enzomorphan multi-ringed 
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structure mav be fu rther oxidized to a keto group with full 
^pnrion of opioi d ^tivitv . OH an d keto groups are generally 
cloyed as chemical moieties capable of covalently linking 
a^n-r^a chemical entities thr ough ester or ether chemistry. 

5 Finally, the teachings of Portoghese and coworkers indicate that 
multi ple positions of the B ring, including the OH group at 
ration 6 of morphine, or an equivalent position on the morphinan 
„r- banzomorphan mulcl-ringed s tructure, may be chemicall Y modified 
^^nut effecting opioid acti v ity mediated by the obligate A ring 

10 OH groups 

The construction of hybrid chimeric c onjugates containing non- 
ne P tide opioids or chemically modified opioid p eptide sequences 
are consistent with guidelines pro vided by Portoghese and 
15 coworkers, established authorities i n the synthesis and structure- 
function relationships of non-oeptide opioids, in reference to the 
teachings of Liederer and coworkers and Schiller and will enable 
gr,v person skilled in the ar t to which it pertains to make and use 
the invention commensurate in scope w ith Claims 1-4, i.e., a 
20 general class of chimeric hybrid con-jugate molecules capable o f 
simultaneous activation of MOR an d S? receptors within the CNS. . 

The teachings of Cascieri and Liang and Mantyh and coworkers 
provide sp ecific indications for ma intaining SP activity within 
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thg class of C- terminal fragments of SP. The rules pro vided by. 
r.ascieri and Liang and Mantyh and coworkers are con sidered to be 
general rules for evaluating bioacti vities of fragments of SP b y 

established investigators in SP research. According to their 

5 teachings and consistent with gene r ally accepted: formulations, all 
fragments of SP maintaining a fully intact C-terminal pept ide 
domain equal to or greater than 5 amin o acids have been determined 
to possess biological activity using a variety of te sting 
paradigms, in the present inventi on, biologically active 
10 fragments of SP include SP 3-11, SP 4-11, SP 5-11, SP 6-11, and SP 
7-11. All biologically active SP fragments con tain only one free 
alpha amino group that is locat ed at a site distal to SPR 
recognition domain and is utilized a s the point of linkage of all 
active fragments of SP within the structu re of the class of 
15 chimeric hybrid molecules described in t he present invention. — in 
sum, the teachings of Cascieri and Liang and Mantyh and cowo rkers 
in reference to the teachings of Porto ghese and coworkers, 
Liederer and coworkers, and Schille r provide guidelines that will 
enable any person skilled in the art to whic h it pertains to make 
20 and use the invention commensurate in scope w ith Claims 1-4, i.e., 
a general class of chimeric hybrid conjugate molecules capable of 
simultaneous activation of mor and SPR receptors within the CNS ■ 
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as rull uuu . T hr m n - ml — afekaeg^ feyfe**a analgesic molooul eg 
L u iuliibiL l.hr fl m ^egaente eg*e*a ftnl c roncc. The j b orate M OT ! 
a nd prn a c tive Mug moioti ...^ ore synthesized and purified eg 
5 delated fx ui n natural oourccc and thou chemically cro^ ii linked t o 
^ > xm Htf] jj. id alHal o id/pGptid&a chimeric molecules . All c-ynthes on 
^L iliu u ucl l 6 &te a te 3Afl bee l ^n-nrHr-ri m-imnla ehamiotrv techniques aa * S 
g e ageafee . cr peptide fragment moieties arc pynL X icaiacd pri n r to 
^u u- Llcnt at tn mwn- fee fehe mn-r^hiriQ nucloua (Fig. 1) ■ ror those 
10 y or po-^ , a vn-^Y 0 r r t-ifln synthesis mcthod o arc common in tho 
cat, including synthesis using an automated pep t id e synthes i geg 

and GKiployiuy rmoc amino nnifln- ( ^ x iJicldr Science 332 . 3ttl 2 47 

-4-13 3d. B aro ny, - v i T,nt ' 1 T ^r.nf.ido rrotcin Hgo. 30. 705 739 
4- 1 - 0 -0 7), Kcnfc, Ann, li e /. Diochom. 57:957 000 (198?), a nd Xaicer, nr 
15 ^ f CQicilCO ai3: 1P7 190 (1000)) CV peptide fragments aro purified 
Lo u ^ l x 001 chemical purity uoing standard peptide ptirificg t-.nn T i 
ccohniquQQ ouch go revcroc phase high pr go pure liquid 
chromatography (I1TLC) ■ The c hemical structures of cr peptide 
Ij- agmcnta, purified by nri>C. are confirmed by mass spectroscopi c 
20 analyol e-r- 

Ilorphinc ia ch e mically modified by oovolont attachment at itP €'OH 
y±- oup to the hinge forming organic molooulos described above t d 
glucuronic acid, succinic aoid, gamma hydroacy butyric acid. 
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l am ii i u ally modifi cd morphine dcrivativcr.,, i.e., mor phine 6 
ylu u m ui iidc, m n rph i na C hom i nn r .ulnato, moipl i lau C ymtuii.i hy rtrmr y 
L u L j i am. a l l n m nl mLlj aLtach r ,J LP CP pcptolda £ j. jQ Tn rn m n ^n g 
sfeaadagfl condcji cii i y agcnto ouch as water soluble oarbodiimide 
5 (CDI) . 

A^ cxi iativQlyi cr peptide C r agmcnto arc chemically modified by 
cu talent attachm e nt at their free amino groupo Lo the hn' n g^ 
- runn ing organic molcculoc d L- ocribcd above- d glucuronic acid, - 
10 succinic acid, gamma Hydroxy butyxic aold. chemically modified 8 g 
pipL ldu fragments i>Q., SP figment glucuronidc, cr fragment . 
H un l .u c cin ut c, T P ^agmont: gamma hydroxy bu L ^atc, arc covalcntly 
uL L aahcd to morphine using standard oondenniny agento ev e h nr r 
vjatcr soluble CDI t 

15 

Prior to pharmacological testing, the novel chimeric hybrid 
glkaloid/pcptidc molecules eomprioing a cyclic alkaloid MOP. 
activating moiety and an om activating peptide moiety (such as 
those in Tables 1 and 2 ) are purified to over 99% purity by 
20 standard chromatographic techni<jues such as reverse-phase HPLC. 
This represents less than about 1% chemical precursors or non- 
peptide chemicals in the final preparations. The chemical 
structures of chimeric hybrid alkaloid/peptide molecules are 
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confirmed by mass spectroscopic analysis. The chimeric hybrid 
molecules are then subjected to standard pharmacological testing. 

Preclinically, a well-established method is used to assess the 
5 analgesic properties of the novel chimeric hybrid compounds, that 
being the tail flick test, which is administered to rats following 
parenteral or CNS administration. Additional tests of analgesic 
responsiveness include the paw withdrawal and hotplate tests, 
i.e., methods well-established as common in the art. Preclinical 
10 testing of analgesia and tolerance development is conducted by 
administration of the chimeric hybrid compounds over time and 
alternatively using opioid and SP blockers in well-established 
analgesic testing methods. Further preclinical and clinical 
testing is conducted in conformity with governmental drug 
15 regulations . 



Having made the chimeric hybrid molecules, they are administered 
to inhibit the development of opioid tolerance through means of 
clinical administration of analgesia well known to persons skilled 
20 in the art. 

using My Invention . The present invention further provides a 
method of transporting a across the BBD chimeric hybrid molecules 
for treating a mammal for relief of pain hy administering a 
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10 



pharmaceutical composition (as described above) in order to 
produce analgesia in the subj ect /patient . The invention is used 
by persons skilled in the art, as follows: Pharmaceutical 
compositions of the invention are formulated to be compatible with 
their intended routes of administration, e.g., parenteral, 
intrademal, subcutaneous, injectable, intravenous, oral, 
intradermal, subcutaneous, transdermal (topical), transiaucosal , 
epidural and rectal administration. 

solutions or suspensions suitable for parenteral, intradermal, or 
subcutaneous application can include the following components: a 
sterile diluent such as water for injection, saline solution, 
fixed oils, polyethylene glycols, glycerine, propylene glycol or 
other synthetic solvents; antibacterial agents such as benzyl 
15 alcohol or methyl parabens; antioxidants such as ascorbic acid or 
sodium bisulfite; chelating agents such as 
ethylenediaminetetraacetic acid; buffers such as acetates, 
citrates or phosphates. The parenteral preparation can be enclosed 
in ampoules, disposable syringes or multiple dose vials made of 
20 glass or plastic. 

Pharmaceutical compositions sui table for injectable use include 
sterile aqueous solutions or dispersions and sterile powders for 
the extemporaneous preparation of sterile injectable solutions or 
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dispersion. For intravenous administration, suitable carriers 
include physiological saline, sterile or bacteriostatic water, or 
phosphate buffered saline (PBS) . In all cases, the compositions 
must be sterile and should be fluid to the extent that they are 
5 easily injectable by syringe. Proper fluidity may be maintained by 
the use of a coating such as lecithin, by the maintenance of the 
required particle size in the case of dispersion and by the use of 
surfactants. Preservation of chemical and pharmaceutical integrity 
is achieved by various antibacterial and antifungal agents: e.g., 
10 parabens, chlorobutanol , phenol, ascorbic acid, thimerosal, etc. 
in many cases, it will be preferable to include isotonic agents, 
for example, sugars, polyalcohols such as manitol, sorbitol, 
sodium chloride in the composition. Prolonged absorption of the 
injectable compositions can be brought about by including in the 
15 composition an agent which delays absorption, for example, 
aluminum monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the 
active compound (e.g., chimeric hybrid molecules) in the required 
20 dosage in an appropriate solvent with one or a combination of 

ingredients enumerated above, as required, followed by filtered 
sterilization. 
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Oral compositions generally include an inert diluent or an edible 
carrier. They can be enclosed in gelatin capsules or compressed 
into tablets. For the purpose of oral therapeutic administration, 
the active compound can be incorporated with binders and used in 
5 the form of tablets, troches, or capsules. Pharmaceutical binding 
agents, and/or adjuvant material can be included as part of the 
composition. The tablets, pills, capsules, troches and the like 
can contain any of the following ingredients, or compounds of a 
similar nature: a binder such as microcrystalline cellulose, gum 
10 .tragacanth or gelatin; an excipient such as starch or lactose, a 
disintegrating agent such as alginic acid, Primogel, or corn 
starch; a lubricant such as magnesium stearate or Sterotes; a 
glidant such as colloidal silicon dioxide. 

15 suitable intradermal, subcutaneous, transdermal (topical), and 
transmucosal formulations include: gels, creams, solutions, 
emulsions, suspensions, carbohydrate polymers, biodegradable 
matrices thereof, vapors, mists, aerosols and other inhalants, and 
skin patches . Rectal formulations also include suppositories and 

20 enemas. 

Examples of suitable pharmaceutical carriers for the various forms 
of administration include any of the standard pharmaceutically 
accepted carriers known to those o£ ordinary skill in the art. 
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Examples of pharmaceutical carriers include but are not limited to 
buffered saline solution, water, emulsions, various wetting 
agents, tablets, coated tablets and capsules. Besides an 
effective amount of the compounds described in the present 
5 invention, pharmaceutical compositions may include suitable 
diluents, preservatives, solubilizers , emulsifiers, adjuvant 
and/ or carriers. Examples of optional ingredients which may be 
included in the pharmaceutical compositions of the present 
invention include antioxidants; low molecular weight polypeptides; 
10 proteins such as serum albumin, gelatin or immunoglobulins; amino 
acids such as glycine; chelating agents; sugar alcohols. 

Because of the modulation of opioid tolerance and dependence, the 
invention may also be used for drug abuse intervention through 
15 administration of one or more embodiments of the chimeric hybrid 
analgesics which are the subjects of the invention in substitution 
for the drug to which the patient became tolerant and/ or on which 
the patient became dependent. 

20 Conclusions. Ramifications and Scope . The reader thus will see 
that my invention provides a novel and useful method for 
transporting chimeric hybrid molecules across the BBB. 
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While my description contains many specifications, these should 
not be construed as limitations on the scope of my invention, but 
rather as an exemplification of one or more of the preferred 
embodiments of my invention. Other variations are possible. 
5 Accordingly, the scope of my invention should be determined by the 
appended claims and their legal equivalents and not by the 
embodiments illustrated in the foregoing description- 
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